
Standard Form 298 (Rev 8/98) 
Prescribed by ANSI  Std. Z39.18

302-857-6553

W911NF-14-1-0071

64755-EL-REP.1

Final Report

a. REPORT

14.  ABSTRACT

16.  SECURITY CLASSIFICATION OF:

The award W911NF-14-1-0071 made to Delaware State University enabled the acquisition of a benchtop low-
voltage Transmission Electron Microscope (TEM) with Scanning Electron Microscope (SEM) Capability:  LV EM 
5. The instrument acquisition supports Analysis of Inorganic Solution-Processed Flexible Solar Cells and has been 
used to accomplished the project objectives:


O1. Support the project “Novel Thin-Film Photovoltaic Technologies Using Solution Nano-Precursors to 
Cu2ZnSnS4, Fe2SiS4, and Fe2GeS4-Based Absorber Layers“, research ongoing in Dr. Daniela Radu’s (PI) 

1. REPORT DATE (DD-MM-YYYY)

4.  TITLE AND SUBTITLE

13.  SUPPLEMENTARY NOTES

12. DISTRIBUTION AVAILIBILITY STATEMENT

6. AUTHORS

7.  PERFORMING ORGANIZATION NAMES AND ADDRESSES

15.  SUBJECT TERMS

b. ABSTRACT

2. REPORT TYPE

17.  LIMITATION OF 
ABSTRACT

15.  NUMBER 
OF PAGES

5d.  PROJECT NUMBER

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

5c.  PROGRAM ELEMENT NUMBER

5b.  GRANT NUMBER

5a.  CONTRACT NUMBER

Form Approved OMB NO. 0704-0188

3. DATES COVERED (From - To)
-

UU UU UU UU

30-04-2015 1-Feb-2014 31-Jan-2015

Approved for Public Release; Distribution Unlimited

Final Report: Benchtop Transmission Electron Microscope 
(TEM) with Electron Diffraction (ED) and Scanning Electron 
Microscopy (SEM) Capabilities for Analysis of Inorganic 
Solution-Processed Flexible Solar Cells

The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department 
of the Army position, policy or decision, unless so designated by other documentation.

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS
(ES)

U.S. Army Research Office 
 P.O. Box 12211 
 Research Triangle Park, NC 27709-2211

Transmission Electron Microscope, Scanning Electron Microscope, nanoparticles, nanostructures

REPORT DOCUMENTATION PAGE

11.  SPONSOR/MONITOR'S REPORT 
NUMBER(S)

10.  SPONSOR/MONITOR'S ACRONYM(S)
    ARO

8.  PERFORMING ORGANIZATION REPORT 
NUMBER

19a.  NAME OF RESPONSIBLE PERSON

19b.  TELEPHONE NUMBER
Daniela Radu

Daniela R. Radu

206022

c. THIS PAGE

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments 
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington 
Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.  
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection 
of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

Delaware State University
1200 N. Dupont Highway

Dover, DE 19901 -2277



31-Jan-2015



ABSTRACT

Number of Papers published in peer-reviewed journals:

Final Report: Benchtop Transmission Electron Microscope (TEM) with Electron Diffraction (ED) and Scanning 
Electron Microscopy (SEM) Capabilities for Analysis of Inorganic Solution-Processed Flexible Solar Cells

Report Title

The award W911NF-14-1-0071 made to Delaware State University enabled the acquisition of a benchtop low-voltage Transmission Electron 
Microscope (TEM) with Scanning Electron Microscope (SEM) Capability:  LV EM 5. The instrument acquisition supports Analysis of 
Inorganic Solution-Processed Flexible Solar Cells and has been used to accomplished the project objectives:


O1. Support the project “Novel Thin-Film Photovoltaic Technologies Using Solution Nano-Precursors to Cu2ZnSnS4, Fe2SiS4, and 
Fe2GeS4-Based Absorber Layers“, research ongoing in Dr. Daniela Radu’s (PI) laboratory.
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1. Foreword 

The LV EM 5 Transmission Electron Microscope (TEM) with Scanning Electron Microscope (SEM ) and 
electron diffraction (ED) capability was purchased under grant W911NF-14-1-0071 as part of the Research 
and Education Program for Historically Black Colleges and Universities and  Minority-Serving Institutions 
(HBCU/MI) Equipment/Instrumentation program (Broad Agency Announcement W911NF-13-R-0008, 
Fiscal Year 2013) and has enhanced the sustainable materials lab capabilities in the Department of 
Chemistry at Delaware State University. The state-of-the-art low voltage benchtop microscope has arrived 
at DSU in November 2014. This report reflects the activities that have been supported by the instrument in 
the period November 2014-January 2015. 

The purchase price was $188,000.00 and the installation was completed in a timely manner immediately 
after equipment delivery. 

2. List of Appendices, Illustrations and Tables (if applicable)  

TEM images (1.a through 1. c) 

 

 

 

	
  Figure 1.a TEM image of Fe2GeS4 on low voltage  
	
  

	
  Figure 1.b TEM image of Fe2GeS4 on low voltage  
	
  

	
  Figure 1.c TEM image of Fe2GeS4 on low voltage  
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SEM images (2.a through 2.b) 

 

3. Statement of the problem studied 

The analytical capabilities of our laboratory since the purchase of the LV EM 5 increased. Quick screening 
of samples can now be performed in a timely manner. The instruments enabled analysis (imaging) of the 
nanostructured materials subject of our study to the extent that it become a routine job. Having a benchtop 
TEM/SEM in house means that the students have been able to operate the instrument, which speaks to their 
training; travel to University of Delaware (40 miles) is no longer required only for High Resolution 
imaging (HR-TEM or SEM) which is needed only for samples that need extensive characterization. The 
unique feature of the LV EM 5 is that the samples are analyzed in Back Scattered Light and therefore no  
special coating is required. 

Our nanomaterials, presently studies Fe2GeS4 are employed to fabricate printed solar cells from 
nanoparticles precursors.1 

4. Summary of the most important results  

It is of paramount importance that each batch of ink formulated with the nanoparticles contains same 
particle size distribution. While composition and purity is easy to identify with X-Ray powder diffraction, 
the particle size cannot be easily analyzed. Therefore, LV EM 5 made a big difference on fast throughput 
sample characterization and increased our productivity as the analysis is done as soon as the particles are 
synthesized. Sample TEM images are presented in section 2, images 1.a through 1.c depicting particles on a 
Cu grid , with particle size distribution easy to observe. 

A second project supported by the LV EM 5 requires synthesis and characterization of silica nanospheres. 
2The project, lead by Dr. Cheng-Yu Lai, is focusing on fabrication of nanostructured scaffolds for catalysis 
in biofuels and other applications. The nanospheres, with particles sizes in the submicron to micron size, 

	
  Figure 2.a SEM image of NSN-6 silica nanospheres on low voltage  
	
  

	
  Figure 2.b SEM image of NSN-7 silica nanospheres on low voltage   
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are imaged by LV EM 5 in SEM mode.  The SEM images, as showed in Figures 2. a and 2.b are indicative 
of uniform size distribution which is the information needed by researchers to validate further the packing 
capabilities in reactors that are tested for biofuels fabrication. 
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